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INTRODUCTION
— (The lowest observable frequency (LOF) for a specified hf circuit is important when

one is specifying the propagation window for that circuit. This lowest frequency is an ab-
sorption controlled effect. The major cause of absorption at low and midlatitudes is the
solar created ionospheric D-region. During quiet solar conditions this 1)-region responds
directly to the amount of ionizing solar radiation reaching it. As shown in Bleiweiss (1970,
1972) and Argo and Hill (1977), this solar control is directly related to the solar zenith
angle. Other relevant parameters are latitude , sunspot number , and season (calculated from
Julian day), which are all described in Argo and Hill (1977).

The computer progra m listing presented in the appendix contains the necessary sub-
routines for calculating the quiet time LOF (QLOF), and a sample control routine for driving
the set of subroutines. The present setup will handle up to ten (10) paths and can easily be
changed up or down .

The routine “S1~” also provides MOF, FOT for paths < 2000 km. Notice that by
calling “QLOF”, after cà~ling “SR”, the LOF is defined for pathlengths > 1000 km by the
“QLOF” routine. \

These routines hav~ been checked under many conditions and the outputs compare
well with the oblique inciden t sounder data available at NOSC.

CALCULATING THE SIGNAL LOSS MARGIN (SLM )

Because the QLOF routine was calibrated using an oblique sounder system, it is
necessary to modify the calculations to provide LOFs for other systems. The signal loss
margin (SLM) is the difference (in dB) between the minimum usable signal at the receiver,
and the signal level expected at the same terminal under conditions of no ionospheric absorp-
tion. For the NOSC sounder systems, this SLM was found to be 37 dB. The following
paragraphs describe how to estimate the SLM for propagation circuits.

The signal loss margin SLM is given by:

S L M = S . - N — R 1 ( 1)

where S is the signal strength in the absence of ionospheric absorption , N = Farn — 204,
Fam is the median value of radio noise power density Fa given in CCIR reports 322-1 and
258-2, and R j is the required signal to noise density ratio for the grade of service. There-
fore, the SLM is given by

SLM=P t +G t +G r _ L b~~N~~R l (2)

where

Pt : source level , decibels above I watt
Gt : transmitting antenna gain (dB)
Gr : receiving antenna gain (dB)
Lb : basic transmission loss exclusive of ionospheric absorption.

We are assuming the losses in the transmitting and receiving antenna circuits are
negligible. Otherwise , they would be added here . Note , also, that only Lb and N are system
independent. Let
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SLM S’ — S ” ; (3)

where ,

S’ = P t 4~Gt _ G r _ R i (4)

and

S” = L b + N  . ( 5)

In at least one application it has been found that: ( 1) Gt is omnidirectional antenna
with a gain of 4.76 dB/isotropic , and (2) Gr is a high gain antenna with a gain of 13.6 dB/
isotropic . Thus,

S’ I8 .36+P~— R 1 . (6)

Notice that the units of signal power in Pt and R 1 must be the same (i.e., PEP or
mean), and

S’ Lbf + N = L bf + F am 2O4~ 
(7)

assuming ground losses are negligible.

Here , Lbf is the basic fre e space loss, and is given by

L~f =32 .45 + 20 log10d+ 10 log10f , (8)

where d is the propagatio n path length and f is the frequency in MHz. CCIR Report 258-2
gives the rura l man-made noise as,

Fam 67.2~~27.7 lO8l0f (9)

and so in regions where rural man-made noise applies, S” becomes,

S” = —1 04 .35+20 1og 10--d—7.7 log10f . ( 10)

Note the S” includes frequency, which is nominally unknown. One solution is to avera ge
the value of log 10f for 2.5 MHz and 30 MHz , giving 7.7 log~~f 7.22. Another, more
accurate solution , would be to modify QLOF and use the calculated sounder LOF at this
point. Using the average value 7.22 in equation 10

S” — l l l . 5 7 + 2O log10d . ( 1 1 )

Now , the sounder was calibrated using a 3800 km path and so for use here , d should be
replaced by 3800 km.

Combining equations (6) and ( I I )  we obtain ,

4

... —. .



SLM = 18.36+P t — 111.57 — 20 log10 (3800) (12)

= 58.36+Pt — R l

10. X log10 (power in watts)

and suggested values for R 1 are included in table 1 (from CCIR recommendation 339-3).

Table 1. Required signal-to-noise ratios.

50 baud telegraph 40 dB

Telephony, double side band 51 dS

Telephony, single side band 48 dB

Composite 16 channel, 75 baud each 60 dB

Remember that equation (12) has assumed specific receiving and transmitting
antenna gains, and so in general

SLM = 4 0 +P t — R J +G t +G r (13)
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